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ABSTRACT  
 
Utilizing the piled foundation is extremely important and applicable in the civil and geotechnical 
engineering due to the improvement in the bearing capacity. Employing urban deep excavations, on the 
other hand, is inevitable and examining the effect of the pile group is significantly vital due to the nearness 
of adjacent structures. In this research, the effect of the pile group foundation on the diaphragm wall 
embraced with struts in urban deep excavations is examined using two-dimensional numerical modeling. 
The results obtained from modeling show that the horizontal distance between the foundation and the 
excavation edge and also the pile length can significantly affect the horizontal displacement of the wall 
and the moment diagram imposed on the wall, so that the effect of the foundation on the wall is 
considerably reduced for the distance greater than a certain value.  
Keywords: pile group, numerical modeling, diaphragm wall, urban deep excavation, strut, wall horizontal 
displacement, wall moment diagram 
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INTRODUCTION  
 
The daily increase in the construction and high density of buildings in urban areas have inevitably led to 
the use of deep urban excavations to provide the required space. Moreover, exploiting structures on pile 
group are considerably vital since constructing on weak soils is obligatory. Consequently, examining 
excavation behaviors affected by the adjacent structures which are constructed on piled foundations is 
important due to the daily increase in the urban density and nearness of structures.  
Several investigations have been performed on the piled foundations placed on soft clay layers [1-3]. 
Moreover, several good three-dimensional pieces of research have been done on the modeling of the 
piled foundation placed on soft clay layers [4, 5].  
Generally, the subject of the interaction between foundation, pile, and soil is complex and extremely 
important and various numerical and analytical methods have been employed about this issue. For 
instance, Polous [6] divided the numerical methods in this field into three categories of 1) simple 
calculation methods, 2) approximate methods based on computer calculations, and 3) complex 
approximate methods based on computer calculations.  
Several studies have been performed on the behavior of deep urban excavations one of which is the study 
related to the real recording of the excavation behavior using an electronic measuring tool [7-9]. Some 
experimental investigations in granular and alluvial soils have been performed by Finno et al. [10] and 
Goh et al. [11] about the interaction between the pile, structure, and the excavation. They showed that 
the horizontal displacement of the soil can have a considerable effect on the adjacent piles due to the 
excavation. Of other numerical pieces of research that refer to the excavation effect on the behavior of 
the moment diagram imposed on the piles and on the horizontal displacement applied to the piles are 
studies performed by Liyanapathirana and Nishanthan [12] and Lishanthan [13]. These researches mainly 
focus on the horizontal displacement imposed on the pile due to the excavation.  
In this research, unlike previous researchers who mainly focused on the effect of excavation on the pile 
behavior, the interaction between the foundation, pile, and the excavation in urban deep excavations with 
diaphragm wall and strut is examined using a two-dimensional modeling in finite element program Midas 
Gts Nx. This research reveals that when the adjacent structure gets further from the excavation edge and 
also when the pile length are changed the moment and the horizontal displacement imposed on the wall 
are considerably varied.  
NUMERICAL MODELING  
 
The excavation-foundation-pile system is modeled in two dimensions here in this research using finite 
element program Midas Gts Nx. Figure (1) shows the two-dimensional modeling conducted in this 
research.  
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Figure 1: Two-dimensional numerical modeling of the foundation-pile-excavation system  
The 4-node two-dimensional plane-strain element is used in the program to numerically model the soil 
in this research; and the beam element is used to model the pile, retaining wall, foundation, and strut. 
The interface element available in the program is used to model the behavior between the soil and the 
structural element the strength reduction factor of which is set to be 0.67.  
The elastoplastic criterion of Mohr-Coulomb is used in this research to model the soil material. In 
addition, the linear elastic behavior is used to model the structural elements of the foundation, pile, 
retaining wall, and strut. The material characteristics in this research are presented in table (1).  
Table 1: Material characteristics in this research  
Specific weight 
γ(KN/m3) 
Cohesion 
C 
(KN/m2) 
Internal friction 
angle Ø 
Poisson’s 
ratio µ 
Elasticity 
modulus 
E (kN/m2) 
Material 
name 
20 0.5 35 0.3 70000 Sand soil  
25   0.2 2e7 Concrete  
78.5   0.2 2e8 Steel (strut) 
The sections used for structural elements in this research are as follow: 
1- Strut (the first and second rows): I-shaped section with the height of 39 centimeters, flange width 
of 30 centimeters, flange thickness of 1.6 centimeters, and web thickness of 1 centimeter 
2- Concrete diaphragm wall with the thickness of 60 centimeters 
3- Circular pile with the diameter of 80 centimeters  
4- Foundation with the thickness of 120 centimeters  
The modeling is done in several stages in this research (stage construction) and all the modeling stages 
are as follow: 
The first stage: activating the soil environment, weight load and the support conditions for calculating in-
situ stresses (the created displacement in this stage are zeroed) 
The second step: activating the foundation, pile, and the retaining wall along with their interface elements 
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The third stage: activating the load imposed by the structure as a uniform linear load 
The fourth stage: deactivating the excavation first layer 
The fifth stage: activating the strut in the first row 
The sixth stage: deactivating the excavation second layer 
The seventh stage: activating the strut in the second row 
The eighth stage: deactivating the excavation third layer 
 
THE NUMERICAL MODELING RESULTS  
 
The results of the modeling are addressed in this section considering the validity of the results obtained 
from the numerical modeling. Generally, the modeling procedure in this paper is the one mentioned in 
the second section. Firstly, three different distances are considered in this section between the foundation 
and the excavation edge which are 0.5, 2, and 5 meters. The foundation width is 10 meters and the center 
to center distance between the piles is 3 meters and the distance between the marginal piles and the 
foundation edge is 0.5 meter. The overview of the foundation on the pile considered in this research can 
be seen in figure (2). 
 
Figure 2: A view of the foundation and piles used in this research 
The height of the wall in this study is assumed to be 18 meters, similar to that of the study performed by 
Chodhury et al. [14], and its width is 0.6 meter and the excavation width is assumed to be 10 meters. The 
heights of the piles in this study are zero (i.e. no pile), 5, 10, 12, and 15 meters.  
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The wall horizontal displacements for the case in which there is no pile beneath the foundation and also 
for the cases in which there are piles with heights of 5, 10, 12, and 15 meters at distances of 0.5, 2, and 5 
meters from the wall edge are illustrated in figures (3), (4), (5), (6), and (7): 
 
Figure 3: The wall horizontal displacement versus the wall height in case of no pile beneath the 
foundation  
 
Figure 4: The wall horizontal displacement versus the wall height in case of 5 meters long pile 
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Figure 5: The wall horizontal displacement versus the wall height in case of 10 meters long pile 
 
Figure 6: The wall horizontal displacement versus the wall height in case of 12 meters long pile 
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Figure 7: The wall horizontal displacement versus the wall height in case of 15 meters long pile 
As can be seen in the above figures, by getting further from the wall the displacement imposed to the 
wall is reduced. The wall horizontal displacements were almost the same for 0.5 and 2 meters distances 
from the wall while this displacement is considerably reduced for 5 meters distance from the wall.  
The wall displacement for a certain distance and based on the pile heights can be seen in figures (8), (9), 
and (10). In figure (8), the wall horizontal displacement is shown for 0.5 meter of distance from the wall 
and for every five cases considered in this research which are no pile and piles with the length of 5, 10, 
12, and 15 meters. These diagrams are illustrated for the distances of 2 and 5 meters from the wall edge 
in figures (9) and (10).  
 
Figure 8: The wall horizontal displacement versus the wall height for the distance of 0.5 meter 
from the wall edge  
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Figure 9: The wall horizontal displacement versus the wall height for the distance of 2 meters 
from the wall edge 
 
Figure 10: The wall horizontal displacement versus the wall height for the distance of 5 meters 
from the wall edge 
By assessing the above figures one can realize that the wall horizontal displacement is considerably 
increased at the top of the wall for the case of no pile because the pressure from the structure is applied 
towards the ground only through the foundation. But this horizontal displacement of the wall is reduced 
by adding the piles and also increasing the pile length. As can be seen, the wall displacement imposed by 
the foundation and pile is not considerably changed when the pile height is more than the wall height.  
 
CONCLUSION  
 
In this research, the effect of piled foundation on the horizontal displacement of diaphragm wall in urban 
deep excavation stabilized by wall and strut is examined using finite element program of Midas Gts Nx 
in two dimensions. The results of this research can be summarized as: 
1- It was observed that the foundation and piles with various length can considerably affect the 
horizontal displacement imposed on the wall.  
2- It is shown in this research that by increasing the foundation distance from the wall edge the 
wall horizontal displacement will decrease.  
3- In case of having no pile the wall horizontal displacement is considerably increased compared to 
cases with piles because all the pressures are applied by the foundation itself.  
4- The applied pressure beneath the foundation is reduced by using piles and also increasing the 
pile height and the pressure is transferred to the deeper parts of the model. Thus, the wall 
horizontal displacement is reduced by increasing the wall height.  
5- When the pile heights are more than the excavation height then the effects of foundation and 
pile on the wall horizontal displacement do not change by increasing the pile length.  
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